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© Data transmission and recovery, in either the 
optical or the electrical domain, can be accom- 
plished with mBnB encoding with the violation of one 
or more of the n code pulses for multiplexing over- 
head signals, with a carried clock being indicated by 
periodic fixed position transitions, and with both ex- 
traction of the clock and demultiplexing of the over- 
head signals being accomplished with only logical 
processing and signal delay. For the above, trans- 
mission and processing in only the optical domain 
can be easily obtained as well as a circuitry that can 
be constructed cheaply and on a small scale, par- 
ticularly by integration on a single substrate. The 
logical processing involves logical combinations of 
two or more of the received encoded signal, a delay 

3 of the received encoded signal, an output of a pre- 
vious logical combination, and a delayed output of a 
^previous combination, an extracted clock, and a fre- 
JJJquency division or a frequency multiplication of an 
CO extracted clock. 
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DIGITAL TRANSMISSION SYSTEM 



BACKGROUND OF THE INVENTION 



This invention relates to a digital transmission 
system which converts information to the form of a 
pulse train, multiplexes overhead signal with the 
pulse train, transmits the pulse train, reproduces 
the clock on the receiver side and demultiplexes or 
remultiplexes the received signals. 

Digital transmission systems have generally the 
structure such as shown in Fig. 14. Input signals 
51, are fed to a multiplexer, MUX, 52, where a 
frame signal and the like are generated and all of 
them are multiplexed into one pulse stream or train 
and are then fed to an office repeater terminal 55 
through a transmission line 53, where signals 54, 
e.g.. an alarm signal, an order wire signal, etc, 
necessary for transmission are further added. The 
signals are then delivered to a transmission line 56. 
If the transmission distance is long, the attenuated 
signal is amplified by an intermediate repeater 57 
and then delivered to a next transmission line 58. 
After extracting the alarm signal, the order wire 
signal, etc, 54 from the signal pulse train, an office 
repeater 59 on the receiver side transmits the 
signal pulse train to a demultiplexer, DEMUX 62, 
through a transmission line 61. The signals 51 thus 
separated are transferred to other apparatuses, 
such as switching equipment 65 through a trans- 
mission line 63 for further use, for example on 
transmission line 64. 

The fundamental constituent elements of such 
a digital transmission system can be divided into a 
transmission processing circuit and a multiplexing 
demultiplexing conversion circuit, as shown In Rg. 
15. In other words, the received pulse train 81 is 
sent as a reshaped signal 83 by a reshaping circuit 
82, to a clock recovery circuit, CLK CKT 84, and to 
a decision and regeneration circuit, CKT 86. In the 
clock recovery circuit the clock pulse 85 is recov- 
ered from the reshaped input signal pulse train 83 
and is used for decision and regeneration of the 
signal in the decision and regeneration circuit 86 
and for multiplexing demultiplexing and conversion 
in the multiplexing demultiplexing circuit, MUX-DE- 
MUX 88. The transmission processing is conducted 
by the reshaping circuit 82, the clock recovery 
circuit 84 and the decision and regeneration circuit 
86, and the signal pulse train 81 that is attenuated 
and inputted is outputted as a regenerated pulse 
train 87. 

In the multiplexing demultiplexing conversion 
circuit 88, on the other hand, generation of a frame 
for multiplexing the signals, detection of a frame 
pulse for demultiplexing the multiplexed signals, 



multiplexing demultiplexing of an alarm signal, an 
order wire signal, etc, necessary for maintenance 
and operation of signal transmission, line coding 
necessary for transmission processing, detection of 

5 code errors, and the like, are carried out. Input and 
output signals 89. 90 are housekeeping signals 
such as the alarm and order wire signals, for exam- 
ple, and main information signals 91 may be voice 
or video signals. 

io The transmission processing and multiplexing 
demultiplexing conversion are necessary irrespec- 
tive of the transmission distance. In other words, 
these processings are necessary not only after 
each of the transmission lines 56 and 58 which 

is generally have a relatively large distance but also 
after each of the transmission lines 53, 61, 63, 64 
having a relatively short distance inside the office. 
The reason why such processings are necessary in 
the short distance zone is mainly because clock 

20 recovery is necessary. So-called "external timing" 
which sends the clock signals by a separate sys- 
tem is not preferred because a manual operation 
such as phase adjustment becomes necessary. 
SOMETIMES, clock recovery becomes neces- 

25 sary in the transmission zone having a smaller 
distance than the intra-office transmission, such as 
transmission inside the apparatus. When the signal 
processing speed becomes extremely high as in 
the recent systems, crosstalk between the wirings 

30 inside the apparatus cannot be neglected and 
could cause problems In many cases. In such a 
case, it is necessary either to extract the clock and 
use it to regenerate the signal, or to make use of 
an optical fiber for the wirings, because optical 

35 fibers do not suffer from cross-talk. 

In the preceding discussion, electrical process- 
ing was considered. Investigation has been started 
recently in optical fiber communication to process 
light directly (all optical transmission) so as to 

40 realize economical ultra-high speed transmission 
without converting light into electric signals as has 
been made in the prior art technique. 

In such a case, in the optical domain, (I) sim- 
plification of the processing of the multiplexing 

45 frame and (23) simplification of the clock recovery 
become common problems for accomplishing the 
system. 

A typical example of the signal processing 
circuit for processing light in the optical domain 
so without converting optical information to an electric 
signal is an optical logic device using a muiti 
quantum welt etalon of GaAs/AIGaAs such as 
shown in Rg. 3a. The device comprises a multiple 
quantum well 45 consisting of a GaAs substrate 41 , 
reflecting mirror 42 and alternate layers of GaAs 43 
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and AJGaAs 44. The quantum well 45 has non- 
linear characteristics such that its output Z is 
turned ON and OFF depending on whether the 
sum of input light X and Y exceeds a predeter- 
mined value (see Fig. 3b). Functions such as logi- 
cal sum (OR), logical product (AND), bi-stable op- 
eration, and the like, for optical signals can be 
accomplished by use of such a device, but it has 
been difficult to provide it with diversified functions 
such as exclusive-OR operation in the same way 
as in the conventional electrical circuit. 



SUMMARY OF THE INVENTION 



Accordingly, it is an object of the present in- 
vention to constitute a transmission system which 
can be accomplished by the combination of sim- 
pler signal processings than those used in the 
conventional electrical systems. 

Also clock extraction by optical processing 
alone has been difficult and it is another object of 
this invention to provide means to alleviate this 
problem. 

Fig. 4 shows relatively simple signal process- 
ing as an example of the transmission in a system 
that has been used at present in the electrical 
system of Japanese Patent Laid-Open No. 16147. 
It transmits the original signal such as shown in 
Fig. 4(a) after converting it to a DMI code shown in 
Fig. 4(b), by using a OMI (Differential Mark inver- 
sion) rule as its conversion rule. In other words, it 
converts "I" to "11" or "00" and "0" to "10" or 
"01". At the portion represented by arrows in Fig. 
4(a), however, as represented by dotted lines in Fig 
4(b) the portion which is to be converted to "11" is 
converted to "00" and the portion which is to be 
converted to "10" is converted to "01", in order to 
insert overhead signals, such as voice for coordina- 
tion action, a frame signal, an orderwire and other 
signals. Insertion of such specific signals has gen- 
erally been made by narrowing the interval of the 
signal pulses and inserting them into the evacuated 
portions. However since such a method makes 
signal processing complicated, it is not believed 
suitable for ail optical processing. 

The use of the coding rule modification such 
as shown in Fig. 4(b) is referred to as "violation", 
and this method provides a waveform such as 
shown in Fig. 4(c). This is believed suitable for 
optical signal processing because it does not need 
the processing such as narrowing the pulse interval 
when the overhead signals or the like are required 
to be superposed. 

However, it is difficult to extract the clock sig- 
nals by optical processing alone by applying such 
a method to an ail optical network. 



As described above, although the prior art 
technique includes a coding system suitable for 
conducting relatively easily the electrical process- 
ing of signals such as the transmission frame, the 

5 application is relatively limited because it has great 
redundancy and causes higher pulse rates and 
broader band width. It does not satisfy, either, the 
conditions for easily carrying out clock extraction 
by use of only optical processing as will be re- 

70 quired for the all optical network. 

It is an object of the present invention to pro- 
vide a digital transmission system which can easily 
carry out processing of such signal as the trans- 
mission frame and can easily extract the clock 

is signal. 

The object described above can be accom- 
plished by use of transmission line codes which 
are suitable for transmission frame processing and 
for simplification of clock extraction. 

20 In other words, effective means for solving the 

problems is the construction of transmission line 
codes utilizing violation of a coding rule, so that 
drop and insert of specific signals, correction sig- 
nals and the like, can be made easily and clock 

25 components can be extracted by simple logical 
processing. 

More specifically, the present invention modi- 
fies and uses the construction of a so-called 
"mBnB code" which converts m bits of pulses into 

30 n bits and is known as a generalized form of 
transmission codes so as to accomplish the object 
described above. 

The following description will deal primarily 
with all optical transmission (all the processings are 

35 conducted in the form of light as it is), that is 
processing in the optical domain by way of exam- 
ple. 

40 BRIEF DESCRIPTION OF THE DRAWING 



Further objects, features and advantages of the 
present invention will become more clear from the 
45 following detailed description of a preferred em- 
bodiment, shown in the drawing, wherein: 

Figs. 1(a) to (g). 2(a) to (0, 5(a) to (b), 6(a) to 
(h), 11(a) to (d), 12(a) to (e), 16(a) to (d), 17(a) to 
(e), 18(a) to (d), and 19(a) to (e) are time charts 
so useful for explaining the principle of the present 
invention; 

Figs. 3(a) and (b) are an explanatory view 
and characteristic plot showing an example of an 
optical logic circuit element and its operation; 
55 Figs. 4(a) to (c) are useful for explaining the 

transmission line codes used in a conventional 
electrical system; 

Rgs. 7 through 10, 20, 21 and 23(a) to (c) 
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are logic circuit diagrams useful for explaining the 
embodiments of the present invention; 

Fig. 13 shows efficiency of the transmission 
codes in accordance with the present invention; 

Figs. 14 and 15 are explanatory views show- 
ing the structure of the system where the present 
invention is to be applied; and 

Figs. 22(a) to (e) are time charts useful for 
explaining the embodiment of the present inven- 
tion; 



DETAILED DESCRIPTION 



Fig. 1 shows an example of a IB4B code and 
Frg. 2 shows an example of a IB3B code. The IB2B 
code shown in Fig. 4 can be applied by combining 
it with a clock extraction processing, to be de- 
scribed later. 

Fig. 1(b), represents the original code of Fig. I- 
(a) after IB4B coding. Its coding rule is such that 
one bit representing "x n of the original signal is 
coded to "lOxO". However, time slots T indicated 
by arrows use violation, whereby coding is made 
as llxO. Each of these violation portions is used for 
representing multiplexed overhead, the pulse for a 
frame signal, for example. In Fig. I(b), the cases 
where violation does not exist are represented by 
dotted line. 

The waveform obtained by delaying the 
waveform of Fig. I(b) by 1 time slot T of the original 
signal is shown in Fig. l(c) and their logical product 
becomes the waveform shown in Fig. I(d). The 
waveform shown in fig. I(f) can be obtained by the 
logical sum of the pulse train of Fig. I(d) and Fig. I 
(e). The signal shown In Fig. I(e) is the delay pulse 
train obtained by delaying the signal of fig. I(d) by 
the 1/2 time slot of the original signal. The 
waveform Fig. I(f) can as such be used as the 
clock, and in the case where the transmission 
distance is long and deterioration due to noise, etc, 
is remarkable, the clock of fig. l(f) may be stabi- 
lized by applying it to optical PLL (Phase Locked 
Loop) circuits or the like. If the logical product is 
calculated between the delay waveform obtained 
by delaying this clock waveform of Fig. I(f) by 1/4 T 
and the waveform of fig. 1(b), the frame pulse due 
to violation, i.e., violation pulse, can be detected as 
shown in fig. 1(g). 

Efficiency of this code is from 25 to 30% even 
when the improvement in efficiency resulting from 
utilization of violation is taken into consideration 
because only 1 bit among 4 bits of one block is 
used, in the case of the application to the all optical 
transmission line or the like, that is the use of only 
optical processing and transmission (in the optical 
domain), efficiency of such a level is sufficient in 



view of the ultra-high speed of optical processing 
as compared to electrical processing. 

Next, a method of improving efficiency will be 
described. In the description given above, "x" is 

s coded to "IO x 0" but it is possible to insert 
violations v ( and v 2 to get "lv|XV2". In this form as it 
is, however, extraction of the clock by logical pro- 
cessing described above becomes difficult. There- 
fore, coding is made to produce "Iv|Xv 2 10xO" by 

w using two blocks as a pair as shown in Fig. 1 1 so 
that efficiency is improved to 50% and clock ex- 
traction is insured by logical processing as shown 
in Fig. 12. (Efficiency of a CM1 (Coded Mark Inver- 
sion) code and a DM! (Differential Mark Inversion) 

is code, that have been widely used conventionally, is 
50%. too.). The operation principle of fig. 12 is the 
same as that of fig. 1 and the explanation is 
therefore omitted. 

Efficiency can be further improved by enlarg- 

20 ing the block length n. In other words, efficiency q 
is 7/12 = 58% when coding is made to 
"IV1XV2XV3 10xOxO B with n = 6. Generally, when n is 
an even number. 
1) = {(n-l) + (n/2- 1)}/2n 

25 = (3/ 2 n- 2V2n = 3/4 - 1/n 

Accordingly, i? approaches to 75% when n is made 
sufficiently large. This feature is shown in fig. 13.* 

The above explains the code which uses two 
blocks as a pair (PBC: Paired Block Code), but a 

30 code using three blocks as a trio is also applicable. 
If n = 4, for example, efficiency can be improved to 
58% by coding the signal to n lv,xv2lv 3 xv4l0xO". 
Efficiency becomes 67% when n=6. Generally, if n 
is an even number. 

35 if = {2(n- 1) + (n/2 - 1)}/3n 
= ((5/2) n - 3)/3n = 5/6 - 1/n 

Therefore, the upper limit of efficiency is 83%. 
Furthermore, efficiency can be improved by 
increasing the number of blocks in one set. 

40 As a further generalization, a code permitting 
extraction of the clocks by logical processing can 
be obtained by always putting "P to the leading 
part of the block and inserting "0" either continu- 
ously or periodically with some of the blocks. Still 

45 alternatively, in the case where all the blocks use 
violation, extraction of the clock components be- 
comes possible by logical processing by constitut- 
ing the code in such a manner as to generate 
periodically "01 " and "10". Two kinds of further 

so generalized examples will be explained next. 

fig. 16 shows an example with a first block 
being of the form I vi x v 2 , and zero is inserted 
continuously at portions other than the leading part 
of the second block of each two block set In this 

55 case, as shown in Fig. 17, there can be obtained 
clock pulses with a block repetition period (Fig. (c)) 
through a single cycle of logical processing. In the 
case of Fig. 12, it is necessary to obtain the pulses 
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having the block repetition period such as shown in 
Fig. 17(c) by frequency-dividing the pulse train of 
Fig. 17(e). but this Fig. 16 and 17 example elimi- 
nates such a necessity and can simplify the logical 
processing. Note that the signal of Fig. 17(a) is that 
of Fig. 16(d), which is the original information signal 
16(a) multiplexed with the violation pulses of fig- 
ures 16(b) and 16(c). 

The above explains the coding system which 
inserts zero into a specific block of combined 
blocks but does not use violation in the specific 
block. However, the logical processing can be fur- 
ther simplified by using related violation in the 
interlocking arrangement with other blocks, for the 
specific blocks such as described above. 

Fig. 18 shows an example of a two block set, 
where violation V* is inserted into the latter half of 
the second block of the block pair 1 in the inter- 
locking arrangement with a specified relation with 
violations v 2 of the first block of the block pairs 1 
and 2. In other words, if both of v 2 are "0" and V* 
is "1", no influences at all are exerted on the 
extraction of the clock component as shown in Fig. 
19. If the frame pulses are detected by use of the 
trio consisting of v 2 (at two positions) and V», 
logical processing for detecting the frame, that has 
been much complicated conventionally, can be 
simplified. According to the prior art technique, a 
specific pattern is inserted with a frame period 
(generally at least 100 bits) in order to detect this 
frame pulse. Therefore, if the same pattern is con- 
tained in the signal pattern or if the periodic pattern 
disappears due to transmission error, misframing is 
likely to occur. Therefore, the prior art technique 
requires extremely complicated processings such 
as the use of framing protection. 

In accordance with the method described 
above which uses the trio of V 2 s and V4, frame 
detection can be made by merely checking if V* is 
"1" or not. It is effective to insert the trios of V 2 s 
and V* into two positions in order to reduce the 
influences of the transmission error. According to 
this method, the probability of misframing is re- 
duced to 10" 18 for an error rate of 10~ 9 and it is 
possible to regard the influence of the transmission 
error as being substantially absent. 

Figs 2(a) to (f) show an example of the IB3B 
coding, where the signal "x" is converted to IxO. In 
the drawing, the portion Into which violation is 
inserted' is represented by arrows where "x" is 
converted to bd. (The portions being free from 
violation are represented by dotted lines.). To ex- 
tract the clock from this signal, an optical polarity 
inverter must be used for all optical processing. 
Assuming that such a polarity inverter is available 
sufficiently economically, extraction of the clock 
components by use of the polarity inverter is as 
follows. When the waveform of Fig. 2(b) is inverted 



and delayed a small amount (much less than a 
pulse width) the waveform of Fig 2(c) can be ob- 
tained. When the logical product between the sig- 
nals of Figs. 2(b) and (c) is calculated, there can be 

5 obtained the waveform of Rg. 2(d) (this shows only 
the case where violation exists). The clock is ob- 
tained by processing the waveform of Fig. 2(d) but 
the following processings are conducted to com- 
pensate for the long absence of pulses in the 

io portion F. A first logical sum is calculated between 
the signal of Fig. 2(d) and a delay signal obtained 
by delaying the original signal of Fig. 2(d) by 2/3 of 
an original time slot. A second logical sum is 
calculated between the resulting first logical sum 

is waveform and a delay waveform obtained by de- 
laying the first logical sum waveform by the 2/3 of 
a time slot. Finally, a third logical sum is calculated 
between the resulting second logical . sum 
waveform and a delay signal obtained by delaying 

20 the second logical sum waveform by 1/3 of a time 
slot and there can be obtained the waveform (e). 
Whether this waveform is as such used as the 
clock or is used after passing through an optical 
PLL is determined depending on the signal-to- 

25 noise ratio of the received optical signal. 

The frame pulse shown in Fig. 2(f), can be 
detected by calculating the logical product between 
the pulse of Rg. 2 (d) delayed by 2/3 of a time slot 
and the waveform of Rg. 2(b). 

30 Rgs 5(a) to (h) show an example of the IB2B 
coding. This coding changes codes "I" to "11 " or 
"00" and "0" to "10". As to violation, it will be 
assumed that "11" is inverted to "00", "00" to 
"11" and "10" to "01". Rg. 5(b) shows the con- 

35 verted waveform obtained from the original signal 
of Rg. 5(a). Violation is inserted into the positions 
represented by arrows and the waveform without 
violation is represented by a dotted line. 

The execution of the clock extraction process- 

40 ing will be made with this system, too, on the 
assumption that the optical inverter can be used 
economically. Rg. 5(c) shows the waveform ob- 
tained by inverting and somewhat delaying the 
waveform of Rg. 5(b). When the logical product is 

45 calculated between the waveforms of Figs. 5(b) and 

(c) , there can be obtained the waveform of Rg. 5- 

(d) . The logical sum is calculated between the 
waveform obtained by delaying the waveform of 
Rg. 5(d) by 1 time of a time slot and the waveform 

so of Rg. 5(d), and the waveform of Rg. 5(f) can be 
obtained. The logical sum between the waveform of 
Rg. 5(g) obtained by delaying the waveform of Rg. 
5(f) by 1/2 of a time slot and the waveform of Rg. 
5(f) is the waveform of Rg. 5(h). In the waveform of 

55 Rg. 5(h), fall- off of pulse exists at one position but 
if the logical sum between the waveform of Rg. 5- 
(h) and the waveform obtained by delaying the 
waveform of Rg. 5(h) by half of a time slot is 
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obtained, it can be used as a continuous clock 
pulse, that is with no fall-off. 

Rgs. 6(a) to (h) show an example of the IB2B 
code processing of the present invention applied to 
the original waveform of Rg. 6(a),which is the same 
as the one shown in Rg. 4. The clock pulse can be 
obtained by the same processing as described with 
respect to Rgs. 5(a) to 5(h). 

Hereinafter, an embodiment of hardware for the 
present invention will be described with reference 
to Rgs. 7 and 8. Rg. 7 shows an example of the 
code converter for generating the IB4B code ex- 
plained with reference to Rgs. 1(a) to (g). The in- 
formation signal is applied to the input terminal 2 
and the auxiliary signals (frame signal, order wire 
signal, alarm signal, etc) are applied to the input 
terminal 4. Clock pulses having mutually different 
phases (but having the same period as that of the 
original signal and having the pulse width which is 
1/4 of the period of the original signal) are applied 
to the input terminals 1, 3, 5, respectively. The 
logical products of the information and auxiliary 
signals with the respective clock pulses are cal- 
culated by the logical product circuits 6. The OR 
gate 7 generates the logical sum of the output of 
the logic circuits 6 and the clock pulse applied to 
the input terminal 1 and the logical sum is output- 
ted to the output terminal 8. This logical sum at 
output terminal 8 is the pulse train shown in Rg. I- 
(b). which is converted to optical signals and then 
transmitted. 

Rg. 8 shows the processing circuit for generat- 
ing the clocks explained with reference to Rgs. 1(a) 
to (g). This processing is made on the receiver 
side. The optical signal having a waveform such as 
shown in Rg. 1(b) is inputted to the input terminal 
11. This is branched into two streams of optical 
signals by the optica) branch 12. One branch op- 
tical signal is applied directly to the optical logical 
product circuit 15 while the other passes through 
the optical delay circuit 14 with a delay of one time 
slot of the original signal 1 1 and is then applied to 
the optical logical product circuit 15. The output 
becomes such a waveform as shown In Rg. I(d). 
This output, is divided into two optical branch sig- 
nals, only one of them is delayed, and then they 
are applied to the logical sum circuit 16 that out- 
puts waveform 18. Since the optica! delay circuit 
17 has a delay of 1/2 of a time slot of the original 
signal 17. the output 18 of the optical logical sum 
circuit 16 is a waveform as shown in Rg. l(f). 

it is possible to use a star coupler as the 
optica! logical sum circuit 16 and to let it function 
also as the delay circuit 17 by using a length for 
one of the input fibers that is different from that of 
the other. 

The optical dock pulse thus obtained can be 
used as such for optical signal processing. If a 



sufficient signal-to-noise ratio cannot be secured, it 
is once passed through an optical PLL and then 
used for optical signal processing. 

Rg. 9 shows a frame pulse detection circuit. 

5 ' The optical frame pulse such as shown in Rg. I(g) 
can be obtained at the output terminal 25 of the 
optical logical product circuit 24 by inputting the 
signal of Rg. I(b) to the input terminal 21 and the 
clock signal of Rg. I(f) to the input terminal 22 and 

io delaying the latter by 1/4 of the time slot of the 
original signal. 

in this manner, since the overhead signals 
(frame pulse, alarm signal, audio signal for order- 
wire, address signal for switching, etc.) can be 

75 multiplexed and demultiplexed easily, the signal 
processing circuit of a multiplexer, switching equip- 
ment or the like can be constituted extremely sim- 
ply. In other words, it has been necessary in a 
conventional system to add about five bits, for 

20 example, for the frame signal, the alarm signal, etc. 
in order to multiplex 100-bit pulses: for example, 
conversion has been made conventionally in such 
a manner as to store 105 bits in one frame, or in 
other words, speed conversion has been made at a 

25 rate of 100:105 and the reverse operation is carried 
out on the receiver side. The similar operation has 
been made at the exchange, that is switching 
equipment, too, in order to superpose the address 
signal and the like. 

30 Since it is only necessary In accordance with 

this embodiment to make multiplexing by use of 
violation, speed conversion or the like is not neces- 
sary and a simple apparatus structure suitable for 
optical processing can be used. 

35 Rg. 10 shows a processing circuit for obtaining 
the clock pulse from the IB3B code shown in Rgs. 
2(a) to (f). The signal of Rg. 2(b) is inputted to the 
input terminal 31 and is divided into two branch 
signals. One of them is passed through the optical 

40 inverter 32 and the optical delay circuit 33 to obtain 
an optical signal such as the one shown in Rg. 2(c) 
and when this signal is applied to the logical prod- 
uct circuit 34 with the other optical branch signal, 
the optical output shown in Rg. 2(d) can be ob- 

45 talned at the terminal 35. Delay and add process- 
ing is repeated several times for this output by a 
circuit shown on the right half of Rg. 8, and the 
clock pulse such as shown in Rg. 2(e) can be 
obtained. 

so The clock pulse can be obtained similarly from 
the IB2B code shown in Rgs. 5 and 6. 

To practice the coding system for improving 
efficiency by use of a block pair shown in Rgs, 11- 
(a) to (d), one more logical product gate 6 is added 
55 to the circuit shown in Rg. 7 (to which a clock and 
violation V2 are inputted) and is connected to the 
logical product gate 7. 

The description given above explains the case 
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where the block length Is 4 but when the block 
length is further increased, another logical product 
gate may be added. In the case of the block length 
of 6, for example, one more gate is added and 
when it is 8, two more gates are added and the 
corresponding clock and violation are inputted. 

The embodiment shown in Fig. 8 can as such 
be used in order to practice the function shown in 
Fig. 12. When the block length is increased such 
as when it is 6, for example, the delay quantity of 
the delay line 14 is increased in accordance with 
the increase in the block length and the number of 
branches is increased to 3 and each delay quantity 
is set to 2/3, 1/3 and O of one block length, 
respectively. 

Extension can be made similarly when the 
block length is further increased. 

Generally, the multiplexing circuit on the trans- 
mission side becomes such as the one shown in 
Fig. 23(b) if one block has n bits (with n represent- 
ing an even number), N blocks are combined for 
coding, and only one block is not permited to 
include violation, as shown in Fig. 23(a). 

After the signal x and violation v v p are 

subjected to the logical product caJcuiation by the 
corresponding clocks c K , Ci, ... c p (where p = (N-1) 
n/2) at the gates 250, the products are subjected to 
the logical sum calculation by the gate 270 with the 
clock c representing "I" at the leading part of each 
block and is outputted to the terminal 280 and 
transmitted from it. 

On the other hand, a circuit for extracting the 
clock component on the receiver side is such as 
the one shown in Fig. 23(c). Namely, the signal 
inputted to the terminal 300 and delay signals 
delayed by respective delay lines 301 -303 by nT, 

2nT (N-1) n T (with T representing the duration of 

one pulse) are subjected to the logical product 
calculation by the gate 310 and its output and 
signals delayed by 2T, 4T, .... (n-2)T by respective 
delay lines 321 - 323 are subjected to the logical 
sum calculation by the gate 330. In this manner the 
clock component can be extracted at the output 
350. 

Though the description given above explains 
the case of the even number, it wou|d be obvious, 
that expansion can be made similarly in the case 
where n is an odd number. 

Coding shown in Fig. 16 can be practiced by 
making the similar circuit addition explained with 
reference to Fig. 1 1 for the circuit shown in Fig. 7. 
However, the clock pulse corresponding to x must 
be changed to have a two-block period. The em- 
bodiment shown in Fig. 8 can as such be used for 
clock extraction on the receiver side (Fig. 17). 

Coding shown in Fig. 18 can likewise be prac- 
ticed by adding the logical product gates 6 (two 
gates) for inputting v 2 and V 4 to the circuit shown 



in Fig. 7 and the embodiment shown in Fig. 8 can 
as such be used for clock extraction (Ftg.i9). 

To expand the embodiments shown in Figs. 16 
through 19 for general cases, the method analo- 

5 gous to the one shown in Fig. 23 may be em- 
ployed obviously. 

Next, another embodiment of the invention 
when the digrtal transmission system of the inven- 
tion is applied to a multiplexing transmission termi- 

10 nal station will be explained with reference to Figs. 
20 through 22. 

In Fig. 20. the signal transmitted from the mul- 
tiplexing apparatus 100 is received by the demul- 
tiplexer 102 through the transmission line 101. 

is In the multiplexing apparatus 100, the informa- 
tion signal x and violation pulse v, are inputted from 
the input terminals .103 and 104, respectively, for 
the signal as shown in Fig. 18 and are sampled by 
the corresponding clocks C x and C| inputted from 

20 the corresponding input terminals 107 and 108 at 
the logical product gates 111 and applied to the 
logical sum circuit 1 1 2. The information represent- 
ing how the signal is multiplexed with x and v ( is 
inputted by v 2 from the input terminal 105. The 

25 frame pulse v« as the standard for multiplexing is 
inputted from the input terminal 106. The logic "P 
at the leading part of each block is inputted as the 
clock c from the input terminal 115. 

The signal which is multiplexed as described 

30 above and transmitted through the transmission 
line 101 is received by the demultiplexer 102, is 
inputted to the logical product gates 125, is sepa- 
rated by the clock pulses inputted to the input 
terminals 120 - 123 of the same gates and is 

35 outputted to each output terminal 126 - 129. 

The generation method of the clock pulses c x , 
ci, cz, c* for separating the signal as described 
above will be explained next. First of all, the clock 
component is extracted from the signal thus re- 

40 ceived by the logical processing circuit 130 which 
is the same as the circuit explained with reference 
to Fig. 8. The demultiplexing clock generator 140 
generates the clocks for signal demultiplexing by 
use of the clock component and the received sig- 

45 nal and the clocks are outputted to output terminals 
151 - 154. Its principle will be explained with 
reference to Figs. 21 and 22. 

The clock pulse shown in Fig. 22(a) is inputted 
to the input terminal 200 in Fig. 21. This is ex- 

so tracted by the logical processing circuit 130 shown 
in Fig: 20 and has the same waveform as the 
waveform shown in Fig. 19(e). The clock pulse is 
frequency-divided by the flip-flop 202 after passing 
through the logical sum gate 201 shown in Fig. 21 . 

55 As a result, there can be obtained the waveform 
such as shown in Rg. 22(b). This is further 
frequency-divided by the flip-flop 203 and there 
can be obtained the waveform such as shown in 
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Fig. 22(c). The gate 204 calculates the logical 
product of the signals of Figs. 22(a) and (b) and its 
waveform is such as shown in Fig. 22(d). This is 
outputted to the output terminal 151 as the separa- 
tion clock C x for separating the signal x. 

Next, the gate 205 calculates the logical prod- 
uct of the waveforms shown in Figs. 22(c) and (d). 
This is the waveform shown in (e). The waveform is 
delayed by 3 time slots (3T) of Fig. 22(a) by the 
delay circuit 206 and outputted to the output termi- 
nal 152 as the clock ct for separating the violation 
V|. Similarly, the waveforms delayed by 5T and T 
are C2 and c*. respectively, and are outputted to 
153 and 154. 

The description given above is based on the 
assumption that phase synchronization of the sepa- 
ration clocks is established. Next, countermeasures 
when synchronization is not established will be 
explained. The gate 220 is used for this purpose. 
The phase of the clock e of Fig. 22(e) for separa- 
tion is synchronized with the third time slot x of the 
second block of' the block pair shown in Fig. 18. 
The portion which is ahead of this time slot by one 
time slot is always "O w and the present invention 
pays specific attention to the fact that this relation 
is insured only in these time slots. 

Assuming that synchronization is established, 
therefore, the output of the logical product between 
the separation clock e of Fig. 22(e) (whose phase 
is synchronized with x of the second block in Figs. 
18(d) and the signal obtained by delaying the mul- 
tiplexing signal y(t) in Fig. 18(d) by one time slot 
by the gate 220 is always 0. Accordingly, no influ- 
ence at all is exerted on the output waveform of the 
logical sum gate 201 . 

On the other hand, when synchronization col- 
lapses, the output of the logical product gate 220 
could become 1 and when this output is delayed 
by 1 time slot by the delay circuit 222 and is 
applied to the logical sum circuit 201. the phase of 
the output of the flipflop 202 is inverted so that the 
phases of the demultiplexing clocks (d) and (e) 
shift. In this manner, the shift continues until finally 
a correct phase is attained. 

As described above, multiplexing and demul- 
tiplexing can be accomplished by use of an ex- 
tremely simple circuit by use of such devices with 
limited capabilities as flip-flop, logical sum, logical 
product and delay lines. Accordingly, the present 
invention can be applied to all optical transmission. 

Though the description given above deals with 
the multiplexing and demultiplexing, it can be used 
as an interface of switching if transmission is made 
by multiplexing, in V2 in the embodiment described 
above, connection signals and address signals 
which are necessary for the exchange or switching 
of signals. Accordingly, the embodiment can solve 
the problems such as processing of these over- 



head signals and clock recovery that could become 
bottlenecks in accomplishing optical switching in 
the future. 

Interconnection of circuits made inside the ap- 
5 paratus can be attained by use of entirely the same 
structure as described above. Interconnection in- 
volves the problems that multiplexing becomes 
complicated and extraction of the clock results in 
the increase in the cost in the prior art technique, 
w but the present invention can solve these prob- 
lems. 

In accordance with the present invention de- 
scribed above, it becomes possible not only to 
simplify a short distance transmission apparatus 

;s but also to provide transmission codes suitable for 
processing signals only by an optical system. 
Moreover, extraction of the clock signals by optical 
processing alone becomes possible. The present 
invention provides extremely great effects for ac- 

20 complishing a large capacity transmission line suit- 
able for an all optical network. 

In electrical processing according to the prior 
art. tank circuits or phase lock loop circuits have 
been successfully employed for extracting encoded 

25 signals or for extracting a clock from an electric 
signal. However, it is considered very difficult to 
employ said optical tanks or optical phase lock 
loops, and their employment would not lend itself 
to small scale devices. While an increase in data 

30 rate by an encoding scheme such as 1B4B would 
increase the data rate to a point where cross talk in 
small circuits for electrical processing would be 
extremely limiting or intolerable, optical processing 
has no such problem relating to cross talk. Further. 

35 there is a three order increase in the speed of 
optical processing over electronic processing, so 
that coding such as one 1 BnB presents no problem 
in the optical domain. 

The present invention is particularly useful for 

40 encoding optical signals with multiplexed overhead 
through the violation technique. Small scale de- 
vices or circuits are particularly easily obtained by 
the present invention, in the optical domain, or in 
the electrical domain, because only logical pro- 

45 cessing is employed that lends itself to integration 
on a single substrate. The present invention pro- 
vides an economical, reliable, simple and small 
scale method and apparatus for extracting a carried 
clock and demultiplexing overhead signals, particu- 

50 larly a framing signal. The clock may be extracted 
first quite easily, and thereafter used for retiming 
the extracted original data stream and/or overhead 
signals. 

While a preferred embodiment has been set 
55 forth along with modifications and variations to 
show specific advantageous details of the present 
invention, further embodiments, modifications and 
variations are contemplated within the broader as- 
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pects of the present invention, all as set forth by 
the spirit and scope of the following claims. 



Claims 

1. A digital transmission system for multiplex- 
ing and demultiplexing signals, including: 

means for converting an original signal to a trans- 
mission code having at least one transition point in 
each portion of the code corresponding to an origi- 
nal time slot, and the code having the original 
signal information in superposition with overhead 
signals by coding rule violations; 
means for transmitting the transmission code to a 
remote location, as a pulse signal; 
means for receiving the transmission code at the 
remote location as a received waveform; and 
means for logically processing the received 
waveform to obtain continuous clock signals and 
for separating the original signal and superposition 
overhead signals. 

2. The system of claim 1, wherein said means 
for converting uses an mBnB (m < n) code for 
code conversion. 

3. The system of claim 2, wherein said means 
for converting uses a 1 B4B code for code conver- 
sion, with the first bit always used as a mark, the 
second and fourth bits used for violation and the 
third bit corresponding to "1 " or "O" of the original 
signal. 

4. The system of claim 2. wherein said means 
for converting uses a 1B3B code for code conver- 
sion, with the first bit always used as a mark, the 
second corresponding to "1 " or "0" of the original 
signal and the third bit used for violation. 

5. The system of claim 2, wherein said means 
for converting uses a 1 B2B code for code conver- 
sion. 

6. The system of any of claims 2 to 5, wherein 
said means for converting uses blocks used for 
said violation and blocks not used for said violation 
arranged alternately. 

7. The system of claim 2. wherein at least one 
of said blocks using said violation and at least one 
of said blocks not using said violation are used as 
a set 

8. The system of claim 6 or 7, wherein said 
means for converting uses a (n/2 - 1)BnB code (n 
is an even number) for code conversion. 

9. The system of claim 6 or 7, wherein said 
means for converting uses a ((n-1)/2)BnB code (n 
is an odd number) for code conversion. 

10. The system of any of claims 1 to 9, 
wherein said means for logically processing uses 
said clock signals extracted logically for separating 
at least one of the original signal and overhead 
signals. 



11. The system of any of claims 1 to 10, 
wherein said means for logically processing con- 
sists of delay means, bi-stable elements, logical 
sum elements, logical product elements and, op- 

s tionally, signal inversion elements. 

12. The system of claim 11, wherein said logi- 
cal sum is an optical star coupler circuit means to 
function as said delay means by having different 
length input/output lines. 

w 13. The system of any of claims 1 to 12, 
wherein specific code bit time slots inside said 
blocks not using said violation are inverted and 
specified code bit time slots inside said blocks 
using said violation are forced to be O or 1 in such 

is a manner that the inversion does not affect extrac- 
tion of said clock component by logical processing. 

14. The system of claim 1, wherein said means 
for converting forms said code to be constituted in 
such a manner that 1 follows zero and zero follows 

20 1 periodically, and zero occurs either continuously 
or every at least one bit in part of said blocks. 

1 5. A digital transmission system characterized 
in that all the overhead signals are multiplexed by 
use of violation. 

25 16. A digital telecommunications switching ex- 
change having address signals and overhead sig- 
nals all inserted in a transmission code by use of 
violation. 

17. A digital interconnection system, compris- 

30 ing: 

a substrate; 

wiring all on said substrate; 
signal transmission means on said substrate; 
means which multiplexes signals by use of viola- 
36 tion to produce a signal for transmission being on 
said substrate; and 

means to extract information from the transmitted 
signal by logical processing being on said sub- 
strate. 

40 18. A method of transmitting an original digital 

data stream comprising the steps of: 
converting the original data stream into an encoded 
digital data stream having a built-in clock signal 
correlated to the data rate of the original data 

45 stream and having each of one of the high and low 
bits of the original data stream represented by a 
fixed number of code bits greater than one; 
multiplexing an overhead signal with the encoded 
digital data stream by violation by inverting one of 

so said code bits for each pulse of the overhead 
signal being multiplexed; and 
transmitting the encoded digital data stream from 
one physical location to another physical location. 
19. The method of claim 18, including at said 

55 another physical location, demultiplexing said en- 
coded digital data stream by only employing logi- 
cal combinations of at least two of the encoded 
digital data streams, a delay of the encoded digital 
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data stream, the output of a logical combination, 
and the delayed output of a logical combination, at 
least to obtain a signal consisting of pulses cor- 
responding to said overhead signal. 

20. A method of transmitting an original digital 
data stream comprising the steps of: 

converting the original data stream into an encoded 
digital data stream having a built-in clock signal 
correlated to the data rate of the original data 
stream and having each of one of the high and low 
bits of the original data stream represented by a 
fixed number of code bits greater than one; 
multiplexing an overhead signal with the encoded 
digital data stream; 

transmitting the encoded digital data stream from 
one physical location to another physical location; 
and 

at said another physical location, demultiplexing 
said encoded digital data stream by only employ- 
ing logical combinations of at least two of the 
encoded digital data streams, a delay of the en- 
coded digital data stream, the output of a logical 
combination, and the delayed output of a logical 
combination, at least to obtain a signal consisting 
of pulses corresponding to said overhead signal. 

21. The method of any of claims 18 to 20, 
including extracting a clock consisting of a series 
of pulses having a data rate that is a whole number 
multiple or whole number division of said built-in 
clock signal, at said another physical location, by 
only employing logical combinations of at least two 
of the encoded digital data streams, a delay of the 
encoded digital data stream, the output of a logical 
combination, and the delayed output of a logical 
combination. 

22. The method of any of claims 18 to 21, 
including extracting the original digital data stream, 
at said another physical location by only employing 
logical combinations of at least two of the encoded 
digital data streams, a delay of the encoded digital 
data stream, the output of a logical combination, 
and the delayed output of a logical combination. 

23. The method of any of claims 18 to 22. 
wherein said step of converting is conducted so 
that only the high bits of the original bit stream are 
encoded with code bits. 

24. The method of any of claims 18 to 22, 
wherein said step of converting is conducted so 
that there are two, three or four times as many 
code bits as the original bits to be encoded. 

25. The method of any of claims 18 to 22, 
wherein said step of converting is conducted so 
that for each time slot of said each of one of the 
high and low bits, the code bits consist of a transi- 
tion bit, a first violation bit, a code bit representing 
the original bit to be encoded, and a second viola- 
tion bit. 

26. The method of claim 25, wherein said step 



of converting is conducted so that said code bits 
further include, after said second violation bit, a 
transition bit, an inverted transition bit, a bit cor- 
responding to the original bit encoded and a sec- 
s ond inverted transition bit, all for two bits of the 
original code. 

27. The method of any of claims 18 to 22, 
wherein said step of converting is conducted so 
that for each time slot of said each of one of the 

to high and low bits, the code bits consist of a transi- 
tion bit. a first violation bit, and a code bit repre- 
senting the original bit to be encoded; and 
wherein said step of multiplexing is conducted so 
that said overhead signal is a plurality of framing 

is bits occuring in only one set of code bits out of 
many sets of code bits corresponding respectively 
to many original bits being encoded. 

28. The method of any of claims 21 to 27, 
further including dividing the frequency of the ex- 

20 tracted clock to obtain other clock signals, and 
thereafter combining said other clock signals logi- 
cally as a part of said step of employing. 

29. The method of any of claims 21 to 28, 
further including retiming and reshaping the ex- 

25 tracted clock with a phase lock loop. 

30. A method of transmitting an original digital 
data stream comprising the steps of: 
converting the original data stream into an encoded 
digital data stream having a built-in clock signal 

30 correlated to the data rate of the original data 
stream and having each of one of the high and low 
bits of the original data stream represented by a 
fixed number of code bits greater than one; 
transmitting the encoded digital data stream from 

35 one physical location to another physical location; 
and 

extracting a clock consisting of a series of pulses 
having a data rate that is a whole number multiple 
or whole number division of said built-in clock 

AO signal, at said another physical location, by only 
employing logical combinations of at least two of 
the encoded digital data streams, a delay of the 
encoded digital data stream, the output of a logical 
combination, and the delayed output of a logical 

45 combination. 

31. A method of transmitting an original digital 
data stream comprising the steps of: 
converting the original data stream into an encoded 
digital data stream having a built-in clock signal 

so correlated to the data rate of the original data 
stream and having each of one of the high and low 
bits of the original- data stream represented by a 
fixed number of code bits greater than one; 
transmitting the encoded digital data stream from 

55 one physical location to another physical location; 
and 

extracting the original digital data stream, at said 
another physical location by only employing logical 
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combinations of at least two of the encoded digital 
data streams, a delay of the encoded digital data 
stream, the output of a logical combination, and the 
delayed output of a logical combination. 

32. The method of any of claims 18 to 31, 
wherein all of said steps are performed in an in- 
tegrated circuit on a single substrate. 

33. The method of any of claims 18 to 32, 
wherein all of said steps are performed only in the 
optical domain. 
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